Charge-transfer studies of the availability of aromatic side chains of proteins in guanidine hydrochloride.
The ability of aromatic tryptophyl and tyrosyl side-chain donors to form charge-transfer (CT) complexes with the acceptor 1-methyl-3-carbamidopyridinium chloride has been used to investigate the degree of exposure of these aromatic residues in denaturated proteins. The coplanar geometry of the CT complexes requires that virtually a full ring face of the donor be available for interaction with the acceptor, and the aromatic donor residues of lysozyme, trypsin, chymotrypsin, and the zymogens of the latter two enzymes do not appear to be wholly "exposed" in 6 M guanidine hydrochloride. Comparison of the CT proerties of the proteins with the corresponding properties of model complexes suggests that the incomplete exposure is due at least in part to statistical fluctuations in the continuously mobile, randomly coiled polypeptide chain which result in residues being alternately fully exposed and partly covered. Reduction and alkylation of the disulfide cross-links increase the apparent availability of the aromatic residues but the exposure is still less than that expected from a comparable mixture of tryptophan and tyrosine residues. Previous studies on the exposure of the aromatic residues of lysozyme and trypsin in aqueous salt solutions, when taken together with the present results, further suggest that there are two distinct kinds of surface environment possible on native proteins in solution. Some residues appear to be located in areas of the protein surface which are characterized by relatively fixed or stable local conformations, and have apparent CT association constants closely resembling these of comparable model complexes. Other residues may be located in a region where the protein conformation is flexible or continuously mobile, as evidenced by their smaller apparent association constants. It is probably significant that Trp-62 of lysozyme and Trp-215 of trypsin, both specificity site residues, appear to belong to the class of residues which can be considered as being in a flexible environment on the protein surface.